The poisoning of livestock by locoweeds (plants of the genera Astragahs and Oxytropis) in the United States was first reported in 187315. Since that time, numerous reports have been published on various aspects of the disease such as the clinical signs in domestic animals, the sequelae of loco poisoning, the species of plants involved, and substances in locoweeds that might induce the signs of poison-ing2-6% 8 % 10912-18,209 22. Although many clinical signs have been reported from locoweed intoxication, such reports have not always agreed. MARSH reported slow, staggering gait, rough coat, staring look, emaciation, lack of muscular coordination, and extreme ner-vousness15. JAMES et al.8 have emphasized the abortive and teratogenic consequences in sheep and cattle. These clinical signs might be more explicitly expressed as : central nervous impairment resulting in diminished or lost control of motor function and proprioception, emaciation, and reproductive disorders resulting in abortion or teratogenesis.
by controlled feeding so that histologic and histochemical examinations of the tissues could be performed. This report includes a description of clinical signs, and the gross and microscopic lesions of loco poisoning in sheep.
Materials and Methods
Sixteen crossbred wethers, 1 year old and weighing approximately 54.5 kg each, were divided into 4 equal groups. Wethers in the first 3 groups were fed either Oxyfropis sericea, Astragahs pubentissimw, or A. Zentiginoosus respectively at a rate of 227 g (dried weight) per day for a period of 60 days. The fourth group served as controls. The plant was dried, ground, and the resultant powder suspended in water and administered directly into the rumen by stomach tube.
The wethers were then electrocuted and autopsied. Tissue sections were fixed in 10% neutral formalin or in Zenker's fixative. All tissues were stained with hematoxylin and eosin. Neural tissues were also stained by the phosphotungstic acid-hemotoxylin (P.T.A.H.), periodic acid-Schiff (PAS), Glees silver, oil red 0, and Weil myelin methods. Sections of tissue from liver and lymph node were also stained with PAS and oil red 0.
Results

Clinical Signs
Depression was observed in the sheep fed locoweed within 20 days after feeding had commenced. During the first 30 days, the sheep gained weight, but on the 35th day, appetite diminished and a rapid loss of weight ensued until the conclusion of the experiment. At 40 days, some of the sheep suffered an apparent impairment of vision, severe depression and some were unable to stand for sustained periods. Pharyngeal infections associated with daily passing of a stomach tube were common during the final 7 days. This has not been observed in sheep force-fed other plants by stomach tube for this period of time. 
V A N K A M P E N / J A M E S
Macroscopic Lesions
There was no pathognomonic macroscopic lesion. Adipose deposits were markedly reduced. The thyroids were enlarged, but no other gross abnormality was noted in the endocrine organs. The liver and the cortex of the kidney were golden, yet normal in consistency. The mucosa of the abomasum contained focal erosions near the pyloric sphincter.
Histopathology
The microscopic lesions induced by feeding 3 different locoweeds varied in severity only.
Central Nervous System
Neurons in the cerebral cortex, basal ganglia ( Fig. l) , thalamus, mid-brain, hippocampus, cerebellum (Figs. 2 & 3) , medulla, and spinal cord had varying stages of degeneration characterized by vacuolation of the neuronal cytoplasm. The vacuoles were singular or multiple, 0.25-4 p large, and were not stained by oil red 0 or PAS. The cytoplasmic membrane remained intact in mildly affected cells, but multiple vacuoles resulted in the eccentric displacement of the nudeus. In advanced stages, karyolysis, karyorrhexis, or cytolysis of the neurons occurred with subsequent mineralization of the remnants of the degenerate cells. Mild gliosis and neuronophagia were present, but were not a prominent feature.
Axonal dystrophy characterized by swollen axon cylinders was found in the medulla and spinal cord. Examination of Weil-stained tissues did not reveal any abnormality in myelin. Perivascular edema was present throughout the central nervous system.
Endocrine Organs
The follicular epithelium of the thyroid was cuboidal or columnar, rather than being normally flattened against the colloid, an indication of hypertrophy ( Fig. 4) . The cytoplasm was only faintly stained and there were distinct cytoplasmic vacuoles. There were numerous vacuoles in the colloid adjacent to the colloidal surface of the epithelium.
Parafollicular cells also had cytoplasmic vacuolation. These changes
were not present in the thyroid gland of the 4 control sheep.
The cytoplasm of chief cells of theparathroid glands was severely vacuolated and there was hypertrophy of the individuals cells ( Fig. 5 ).
Nuclear change was not observed.
The islet cells of the pancreas were elongated, but distinct vacuolation in their cytoplasm could not be demonstrated. Numerous, uniform vacuoles in the cytoplasm of the acinar cells resulted in a mosaic pattern. The ductal epithelium was not affected.
In the adrenal gland, marked vacuolar changes occurred in the cytoplasm of the cells of the zona fasciculata and the medulla ( Fig. 6 ).
Mild vacuolar changes were found in the cytoplasm of cells of the zona glomerulosa and zona reticularis.
No lesion was detected in the adenohypophysis or the pineal body.
Digestive @stem
There was mild vacuolation of the cytoplasm of the serous cells of the salivary glands. Mucus-producing cells and ductal cells were not affected. The lining epithelium and smooth muscle of the esophagus, rumen, reticulum, omasum, and intestinal tract appeared normal. There were small erosions of the abomasal mucosa on the tips of the abomasal folds near the pylorus. Cytoplasmic vacuolation of the neurons in the plexuses of Auerbach and Meissner along the entire gastrointestinal tract was extensive ( Fig. 7) , involving almost all of the neurons in Auerbach's plexus .There was perivascular edema throughout the digestive tract.
The hepatocytes contained numerous cytoplasmic vacuoles and had enlarged to the point of impingement on the normal sinusoidal spaces.
Respiratory Tract
Pulmonary changes were chronic in nature and had resulted from previous pulmonary infections. The alveolar walls were thickened by fibrous tissue and therewere focal areas of peribronchial scarring and mononuclear leukocytic accumulations. The cytoplasm of the bronchial glands was extremely granular but definite involvement by the vacuolar degenerative process was difficult to ascertain. The bronchial epithelium appeared unaffected. 
Lympho-reticular System
The subcapsular and medullary sinuses of the visceral lymph nodes were filled with large, foamy reticuloendothelial cells. Some cells were 2 to 3 times normal size and because of their vacuolated cytoplasm were difficult to differentiate from lymphatic vessels (Fig. 8 ).
Reticuloendothelial cells in the spleen and thymus were similarly affected. No change was observed in the mature lymphocytes.
Urinary System
The most striking lesion was severe cytoplasmic vacuolation of the epithelium of the proximal convoluted tubules (Fig. 9 ). The distal convoluted tubules were involved to a lesser extent. Henle's loops and the distal portions of the collecting tubules were only mildly affected. The glomeruli were hypercellular, but the cytoplasm of the cells was not vacuolated.
The transitional epithelium of the renal pelvis, ureters, and bladder was extremely vacuolated, especially those cells exposed directly to the urine.
Discussion
It is remarkable that the voluminous literature pertaining to locoweed poisoning accumulated during the past 97 years, does not give a complete description of the extensive lesions of this intoxication. Perhaps the obvious clinical picture captured the attention of the observers to the exclusion of a more detailed examination.
Hyperexcitability of an animal poisoned by locoweed has been emphasized by many3.129 14-17. However, depression of the central nervous system and difficulty in locomotion caused by loss of motor function and proprioceptive reflexes are most typical of the poisoning. These signs, along with emaciation, constitute the foremost indications of the disease in males and nonpregnant females. The widespread neuronal lesions probably account for the central nervous system disturbances observed.
The cytoplasmic vacuolation of parenchymal cells in the thyroid, pancreas, parathyroid, and liver would certainly suggest interference with normal metabolic functions. These changes, coupled with the impairment of innervation to the gastrointestinal tract, might account,in part, for the rapid emaciation oftheintoxicated sheep. Further studies are needed to examine the effects of locoweed poisoning on thyroid function, liberation of pancreatic enzymes, detoxification mechanisms of the liver, and gastrointestinal motility.
Whether or not the phagocytic ability of the reticuloendothelial system has been diminished by the cytoplasmic degeneration has not been determined, but its failure may account for the apparently lowered resistance against infections in sheep poisoned with locoweed.
The reticuloendothelial lesions of locoweed poisoning are reminiscent of the storage diseases of man caused by inborn errors in metabolism such as Niemann-Pick (sphingomyelin), Gaucher's (kerasin), Letterer-Siwe's (nonlipid reticuloendothelosis), and Tay-Sach's (lipid storage) disease, but other features are decidedly differentlg.
In 1957, WHITTEM and WALKER^^ described a neuronopathy in Aberdeen-Angus calves in Australia which when compared to lesions of loco poisoning appears similar. They were unable to ascertain the content of the vacuoles in the neurons and labeled the condition 'pseudolipidosis'. HARTLEY~ described a similar condition in Aberdeen-Angus calves in New Zealand. In 1968, LAWS and AN SON^^ reproduced identical lesions in sheep by feeding Swainsona l'uteoda and S. gulegijiolia, vetches which are closely related to the Astragali of North America.
In 1894, SCHUCHARDT~~ suggested that the clinical signs of locoweed poisoning were remarkably similar to those seen in domestic animals of India and Spain which had eaten the plant Lutbyr'us safivm. KEELER et al.9 recently suggested an apparent relationship between locoism and lathyrism based on chemical similarities between substances isolated from plants in the genus Astragaltrs and known lathyrogens. BACHHUBER et al.1 reported that IDPN (B, / 3, iminodipropionitrile), a known neurolathyrogen, induced severe vacuolation of the Purkinje cells in the cerebellum and in ganglion cells elsewhere in the brain of mice. Lathyrtrs odoratus seeds, fed to rats, inhibited thyroxin, causing hypertrophy of the thyroid21. Preliminary investigations at our laboratory indicate that a synthetic osteolathyrogen, aminoacetonitrile, will induce teratogenicity in sheep similar to that observed as a consequence of locoweed poisoning.
The character and nature of the vacuolar degeneration of locoweed poisoning as observed by light microscopy are elusive. Staining by the PAS and oil red 0 methods failed to indicate that the vacuoles contained mucopolysaccharides or lipids. The vacuoles may represent a swelling of subcellular organelles such as mitochondria, Golgi apparatuses, or endoplasmic reticulum. Exact characterization awaits the results of electron microscopic studies.
Sammag
Three locoweeds, Oxytropis sericea, Astragalas pubentissimus, and A . lentiginosus were fed experimentally to yearling wethers for 60 days. Clinical signs were central nervous impairment resulting in diminished control or loss of motor function and proprioception.
Cytoplasmic vacuolar degeneration was a constant finding in the neurons of the central nervous system, and of the plexuses of Auerbach and Miessner. Cytoplasmic vacuoles were also present in reticuloendothelial cells, liver, kidney, and other parenchymatous organs. The contents of the vacuoles was not determined.
Zusammei fassung
Drei Unkrautsorten Oxyfropis sericea, Asfragalus pubenfissinrus und Asfragalus lentiginosus wurden experimentell 60 Tage lang an einjahrige Hammel verfiittert. Klinisch traten Storungen des Zentralnervensystems in Form von Schwache oder Verlust motorischer Funktionen und der Aufnahmefahigkeit in Erscheinung.
Cytoplasmatische vakuolare Degeneration war ein konstanter Befund an den Ganglienzellen vom Zentralnervensystem und vom Auerbachschen und Miessnerschen Plexus. Cytoplasmatische Vakuolen waren auch in Retikuloendothelialezellen, Leber, Nieren ma. Organen vorhanden.
